




















Bordens 








3 
3 
4 
i 


Lavizw OF NUTRITION RESEARCH 





THE UNIVERSITY 
OF MICHIGAN 


i AY 8 1959 


MEDICAL 
LIRRARY 





Intestinal Flora 
| and Parasites — 
| Their Effect on 
| Nutrition 








VOLUME 20: NO.1 
JAN.- FEB. 1959 












BORDEN’S REVIEW 


of 
NUTRITION RESEARCH 


Reviews and summaries of research information 
concerning nutrition and foods. Published bi- 
monthly, by THE BORDEN COMPANY; Officers of 
the Company: Harold W. Comfort, president; 
E. L. Noetzel, vice president and treasurer; D. T. 
Orton, secretary. Editorial office: 350 Madison 
Avenue, New York 17, N. Y. 


PO Naset tte ee tk REN GALI DS Diy SLES aN RIESE IE DREN MAING 


ee ee. ee ae. ae ae. | 


rte EA itn Oe et ore) Ey % * 
= PRN Ws RII GO OTH, PS Lay SEE tag Re oat aa oy oo 





Intestinal Flora 
and Parasites — Their Effect 


on Nutrition 
WILLARD A. KREHL, Ph.D., M.D.* 


INTRODUCTION AND HISTORICAL BACKGROUND 


Ever since Antoni Van Leeuwenhock in 1674 made his early observations of 
unicellular life, described as “‘animalcules,”’ investigations have gradually ad- 
vanced our knowledge of microorganisms and the almost miraculous feats they 
perform. 

Microbial fermentations are used in some way in almost every conceivable 
industry from the manufacture of drugs, such as antibiotics and steroid hormones, 
to the production of the oldest known tranquilizer — ethyl alcohol. The use 
of microorganisms for the assay of many vitamins and amino acids has greatly 
extended our information on the nutritive value of our foodstuffs. The role of 
intestinal bacteria in attaining optimal health has gradually emerged since the 
work of Pasteur and Metchnikoff. Pasteur had early suggested that experiments 
be conducted by feeding animals foods from which all living bacteria had been 
removed. As early as 1883 he suspected that animal life would be difficult if not 
impossible without the cooperation of intestinal bacteria. 

Metchnikoff (1845-1916) was a famous Russian biologist and bacteriologist 
who had been exposed to the views of Pasteur in the latter’s Paris laboratory. 
This stimulated Metchnikoff in his latter years to the extensive study of the 
bacteria infesting the intestinal tract of man and led him to the following concept 
(1). By and large most pathogenic bacteria do not grow well in an acid medium 
and the creation of an acid reaction by fermentation by lactic acid bacteria in 
the intestinal tract would be unfavorable for the development of harmful bacteria. 
Metchnikoff conceived the theory that many systemic disorders were due to the 
absorption of poisons formed by intestinal putrification. He believed that the 
freedom of certain Balkan peoples from this group of diseases was due to their 
habit of drinking fermented milks which produced an acidity in the lower bowel. 
He attempted to implant into the colon a lactic acid forming bacteria. He chose 
the Bacillus Bulgaricus to produce fermented milk or yoghurt. Probably the 
most provocative of Metchnikoff’s suggestions was the possible relationship 
between intestinal putrefaction and old age. He felt that the by-products of 
putrefaction poisoned the tissues. Unfortunately scientific evidence, at least in 
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modern terms, is lacking to support Metchnikoff’s theories. The chief support 
for the concept rests on the collection of statistics regarding races which have 
lived chiefly on soured milk and amongst which great ages are common. 

Later Dr. L. F. Retger and his co-workers at Yale published findings of 
their extensive experiments on Lactobacillus Acidophilus and its therapeutic 
applications (2). Retger questioned whether a foreign strain or type of bacterium 
could be made to establish itself in the intestine and become native in the new 
environment. Many variable results on this point had been published. Retger’s 
experience was also quite varied. After implantation of a substantial culture, the 
organisms diminished in frequency and all but disappeared within 5 to 10 days 
after cessation of treatment. In an appreciable number of such subjects, however, 
a fairly high level of implanted organisms was maintained during continued use 
of lactose or milk in at least moderate amounts. Occasionally the organism 
persisted in the intestine for weeks and even months after acidophilus milk 
feeding was interrupted. Such occurrences may be looked upon as instances of 
implantation. Retger noted that the ingestion of liberal amounts of lactose or 
dextrin leads to the development of L. Acidophilus in the large intestine and 
often to the point where it constituted at least 75% of the total viable flora of 
the colon. Although lactose feeding may lead to enough acid production and a 
lower pH to favor the preferential growth of L. Acidophilus, other factors than 
lowered pH alone were thought important. Retger concluded that implantation 
of an acidophilus flora could be achieved by repeated feedings of the culture 
along with an adequate intake of lactose or dextrin. 


INTESTINAL SYNTHESIS OF VITAMINS 


At birth the intestinal tract is sterile and for the most part the small intestine, 
i.e., duodenum, jejunum and all but the distal part of the ileum remains 
essentially free of organisms. The cecum and colon carry heavy populations of 
bacteria and more than fifty different species of microorganisms have been 
isolated from the feces of man. While occasionally pathogenic organisms inhabit 
the intestinal tract, the usual flora for each type of animal is considered to be 
“normal” for that type. About one third of the dry matter of the stool is bacteria 
and most of these, even in the fresh stool are not viable. 


Coprophagy 

Osborne and Mendell in 1911 noted that rats maintained for a long period 
of time on isolated foodstuffs consumed their feces, i.e., practiced coprophagy. 
When one added a small amount of feces from normal animals to the diet of 
deficient animals they stopped losing weight and started to gain (3). The 
rabbit exhibits an unusual form of coprophagy by voiding soft feces at night 
which are consumed and passing hard pellet-like, unconsumed feces during the 
day. This helps to understand the rabbit’s minimal need for members of the B 
vitamin complex, since the soft feces contain very significant amounts of these 
nutrienis. 
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Refection 

In his early studies on beri-beri, Eijkman observed that chickens fed potato 
starch instead of rice starch did not develop polyneuritis. Later, Fridericia found 
that some of the rats on their experimental deficient diets started to gain weight 
during the experiment, contrary to expectations. He discovered that when raw 
starch was used in the diet this phenomenon occurred. He called this refection 
(4). Refection has been defined as “‘the condition in which the test animals are 
able to synthesize within their digestive tracts and to absorb therefrom enough 
of some of the members of the B vitamins to meet their requirements” (5). 
Refection invariably appears most often when young rats are fed on raw uncooked 
potato or rice starch. Naturally from an experimental point of view this was a 
most undesirable effect, making it impossible to establish with certainty many 
vitamin deficiencies. Only through the use of more nearly “synthetic diets” 
when readily soluble carbohydrates such as sucrose and glucose replaced the 
starches was this problem controlled. 

The extent to which a favorable bacterial synthetic mechanism can assist man 
in supplying vitamins may depend very importantly on the type of carbohydrate 
employed in the diet, if the experiments with animals can serve as a guide. 
Results common to all animal experiments, regardless of the vitamin investi- 
gated, indicate that the need for a dietary supply of the vitamin was reduced 
in all cases when relatively insoluble carbohydrates, such as dextrin or starch, 
were used in the diet (6). One might place the carbohydrates in the following 
decreasing order in respect to their favorable effect on vitamin requirement: 
dextrin, starch, lactose, glucose, and sucrose. Factors such as this make it quite 
dificult to establish absolute values for vitamin needs. Intestinal synthesis of 
vitamins induces the great variable. 


Inhibition of the Intestinal Flora 


After pantothenic acid was available for use in nutrition experiments, it was 
possible to obtain good growth and reproduction in rats when it, plus thiamine, 
riboflavin, niacin, pyridoxine and choline were added to the diet. This led many 
to think the end of the trail had been reached in the discovery of the B vitamin 
complex. Some (7) felt however that bacteria in the intestinal tract were synthe- 
sizing factors that completed the animals’ requirement. About this time, sulfa- 
guanidine, a sulfonamide that was not absorbed from the intestinal tract, was 
available. When 0.5% of this drug was added to the synthetic diet of the rat, 
growth was reduced from an average of 25 gm. per week to less than 10 gm. 
per week (8). This could not be a toxic effect of the drug since the addition 
of as little as 0.3 gm. of dried liver extract to the diet resulted in normal growth. 
When p-amino benzoic acid was added to the diet, the effect of the drug was 
counteracted — not so much by supplying a required nutrient but by virtue of the 
fact that the sulfonamide competitively inhibited the action of p-amino benzoic 
acid required for the growth of intestinal microorganisms which in turn did 
synthesize important vitamins. It was soon shown that the active principle was 


















































the same as the factor in liver which was essential for the growth of L. Casei (9). 
This growth factor was rapidly identified as folic acid. Naturally, the use of 
bacterial inhibitors such as the insoluble sulfonamides stimulated a wave ot 
research for new vitamins or growth factors. Using another sulfa drug, succinyl- 
sulfathiazole, it was noted that the growth depression induced with this product 
could be overcome by the use of biotin instead of folic acid. In fact, if folic acid 
was added alone, a biotin deficiency could be produced, or if biotin was added 
by itself, a folic acid deficiency could be developed (10). 

Not only was growth influenced by vitamins synthesized by the intestinal 
bacteria, but other important physiological functions were involved. It had been 
accepted that vitamin K could be made by bacteria, (11) so it came as no great 
surprise when it was observed that the clotting time of blood became prolonged 
when the sulfonamide was added to the diet and that this abnormality could be 
corrected by adding vitamin K to the diet. In other experiments involving the 
addition of insoluble sulfonamides to the diet it was discovered that severe 
alterations in the blood picture developed with leucopenia, granulocytopenia 
and anemia (12). This entire picture could be reverted to normal by the addition 
of folic acid to the diet, again demonstrating the importance of the intestinal 
flora in making important nutrients. This early work on folic acid was a prelude 
to the important work that has subsequently followed relating folic acid to the 
development of the formed elements of the blood. 


Utilization of Vitamins Synthesized by Intestinal Bacteria 


There is little question that the vitamins synthesized by the rumen are used 
by the host, since it is the first digestive area in the intestinal tract. Quite a 
different situation exists in the non-ruminant, where the site of greatest bacterial 
population is in the cecum and colon well beyond the site of very useful absorp- 
tion taking place earlier in the small intestine. Unfortunately most of the 
evidence in support of the utilization of the vitamins synthesized by the bacterial 
flora in non-ruminants is indirect. As indicated above, it certainly seems that 
biotin, folic acid and vitamin K are synthesized and used. Additional work would 
also indicate that this is true, but perhaps to a lesser degree, for thiamine, ribo- 
flavin, niacin, pantothenic acid and pyridoxine. Certainly in the case of these 
vitamins, their synthesis by the intestinal flora is inadequate to meet the animal's 
need and a deficiency is produced by feeding a synthetic diet deficient in any of 
these vitamins. Niacin is an exception to this, since it can be derived metabolically 
from tryptophane. This work is summarized in detail elsewhere (5). In vitro 
studies with intestinal bacteria have shown (13) that a number of these organ- 
isms synthesize biotin, riboflavin, thiamine, and niacin in greater amounts than 
are used in their metabolism and that these excesses accumulate in the medium. 
It was also shown that a substantial part of this vitamin synthesis occurs during 
the early stages of bacterial growth. 

As might be anticipated, the intestinal flora do not always give, but also 
take and destroy. Thiamine splitting bacteria have been isolated from human 
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patients, particularly in Japan (14). Reports of bacteria that destroy folic acid 
and ascorbic acid have been made. Then too, it has long been known that 
the thiamine of fresh yeast is less available than that from dried yeast, and 
further that it interferes with the utilization of riboflavin (15). In addition to 
the fish tapeworm (see later), some bacteria such as E. Coli take up substantial 
quantities of vitamin B,» (16), however there is no good evidence to suggest 
that this mechanism prevents significantly the absorption of B,5. This is much 
more importantly controlled by the intrinsic factor. There is extensive evidence 
showing that vitamin B,. is synthesized by many microorganisms including 
those present in the intestinal tract. As will be discussed later, the availability of 
cobalt in the medium or diet is of importance in this synthesis. 


THE MICROFLORA IN RUMINANTS 


One of the most important contributions to the nutritional welfare of man 
is the symbiotic relationship which exists between mammals and the microorgan- 
isms that are found in the cud chewing animals, the ruminants (17). In the 
herbivorous ruminant, such as the cow, the lower part of the esophagus forms 
a large sack. This sack is so large that it can hold a twenty-four hour food 
supply and when filled to capacity will make up about one-fifth of the total 
weight of the animal. Non-ruminant, herbivorous animals, such as the horse, do 
not have this forestomach but do have a very large cecum in which great 
microbial activity goes on to modify and improve the nutritional quality of the 
ingested food (18). 

Without the domestic and wild ruminants our nutritional patterns would be 
very drab indeed. Meat, milk and dairy products would be essentially absent 
from our diet, and much of the yearly crop ultimately used for man’s food would 
return to the soil — unused, or consumed by other organisms not now used by 
man for food. Our greatest source of energy, the sun, is used to convert CO, 
to plant foods, which in turn are converted by ruminants to supply us with an 
abundant supply of high quality animal protein. This is made possible through 
the action of the microflora in the rumen. The rumen must not be thought of as 
a storehouse from which the animal derives its cud, but rather as a seething 
turmoil of activity of a multitude of different microorganisms. 

Conditions in the rumen are ideal for this enormous mobile fermentation vat. 
A temperature of about 39° C. is about optimum for maintaining the microflora. 
The oxidation-reduction conditions. in the rumen are conducive to the growth 
of mostly anaerobic organisms so that smaller amounts of heat are produced 
while a tremendous turnover of foodstuffs is taking place. The principal food of 
fuminants being carbohydrate, one would think the fermentation in the rumen 
would rapidly become acid in reaction and stop further bacterial action much as 
in a silo. This is overcome by the huge production of an alkaline saliva by the 
fuminant. The saliva of the bovine, unlike man’s, contains no enzymes to con- 
tribute to digestion whereas man secretes approximately 10 ml. of saliva per 
pound of body weight per day, the bovine secretes on the same basis, about 





























45 ml. of saliva. In an animal of 1000 pounds this amounts to about 45 liters 
or 90 pounds of saliva per day (17). This saliva is alkaline in reaction with a 
pH of about 8.2 and this tremendous neutralizing power keeps the reaction of 
the rumen at just below pH 7, ideal for activity of bacteria and protazoa. The 
entire fermentation mass is kept constantly stirred by the rythmic contractions 
of the rumen wall. The outpouring of saliva is stimulated by the chewing of the 
cud or bolus which is chewed for an average time of about one minute, in 
quantities of about 100 grams at a time. 

Both animals and man are born with sterile intestinal tracts and acquire an 
intestinal flora shortly after birth. The longer and more complicated the in- 
testinal tract, the greater is its influence on the nutrition of the host. Certain 
serious nutritional difficulties arise in the nutrition of the new born calf, because, 
until it can establish an intestinal flora which can contribute to its nutritional needs 
in a major way, it must depend on an exogenous supply of nutrients. It has been 
well demonstrated by numerous studies that the nutritional needs of the new 
born calf are about as extensive in number and amount of nutrients, especially 
for vitamins, as for non-ruminating animals. This necessitates the use of milk or 
other complete diets in the adequate nutrition of this animal. 

The microorganisms that establish themselves in the rumen are thought to be 
derived from the adult animals with which the young associates. The native flora 
is also influenced in part by the organisms that are present in the foods eaten. For 
example, the organisms present in silage may be found in substantial numbers 
in the rumen when silage is a principal source of food. Protazoa are very 
numerous in the rumen and are readily identified by their size and motility. As 
anaerobes they must break down a great deal of material to provide an adequate 
supply of energy. As might be expected, the end products of their metabolism 
are not CO, and H,0O as is the case with the aerobes, but rather a complex 
number of intermediates of carbohydrate metabolism. Bacteria, especially an- 
aerobes, are also present in very high numbers and great morphological variety 
in the rumen. Attempts to cultivate the complete rumen flora under controlled 
conditions have been associated with great technical difficulties. The actual ability 
te cultivate only a very small number of the organisms seen under the micro- 
scope has limited our knowledge of the complete bacteriology of the rumen. 

One must think of the microorganisms of the rumen as a source of new 
organic matter available for the nutrition of the host. It is the ability of the 
ruminant to change cellulose which cannot be utilized by man, to other utilizable 
carbohydrates and energy which makes this whole process so important to man’s 
economy. An even more important transformation in the rumen is the conversion 
of vegetable proteins of the fodder and other simple nitrogenous products such 
as urea into bacterial proteins. These bacterial proteins are further digested in 
the true stomach and upper intestine and supply the animal with the essential 
amino-acids for the production of meat, milk or wool. Thus we have an all 
important and highly efficient mechanism for converting proteins of poor bio- 
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logical value to proteins of high biological value. The microorganisms do this 
and are consumed as the end result of their labors. 


After the intestinal flora has been established, it has been well demonstrated 
that the animal can live and prosper on diets very low in the B vitamin complex. 
Of the fat soluble vitamins only vitamin K is synthesized in the rumen and it 
has long been known that vitamins A and D are as much needed by ruminants 
as they are by simple stomached animals. 

The only B vitamin that may become deficient for ruminants is vitamin B,. 
This is an indirect result of a deficiency of cobalt in the diet. When dietary 
cobalt is lacking, ruminants develop a wasting disease which can be corrected 
by giving cobalt by mouth or by giving by mouth large doses of vitamin B,o, 
ie, at least 300 micrograms per day (19). In rumen contents, incidently, one 
finds a rich source of vitamin B,, and many rumen microorganisms synthesize 
this vitamin. This synthesis is markedly reduced however if the diet is deficient 
in cobalt (20). However, vitamin B,,. may not be the only cobalt containing 
compound of importance since a number of compounds similar to B,. have 
been identified (21) in rumen contents. 


Milk fat of ruminants is characteristically rich in short chain volatile fatty 
acids, not found in the animals’ body fat. It was suggested (22) very early that 
these short chain fatty acids are derived from the action of rumen organisms. 
It has since been shown (23) that acetic, propionic, butyric, and valeric acids are 
capable of being formed by bacterial action in the rumen and that they may be 
absorbed directly into the circulation (24). Folley and French (25) proved that 
the udder itself can synthesize fatty acids from acetate and subsequent work has 
shown that the short-chain acids of milk fat were in fact intermediates in the 
synthesis of long chain fatty acids (26). 


PARASITIC INFECTIONS AND NUTRITION 


At least two major health problems exist in the economically depressed areas 
of the world. The first of these is malnutrition, based both on an inadequate 
supply of calories and a lack of those foods which furnish a satisfactory amount 
of high quality protein and vitamins. Secondly, and associated with malnutrition 
by contributing to it, is infestation with a host of parasites. Of particular interest 
are those parasites which inhabit the intestinal tract and have a major oppor- 
tunity to deprive their hosts of nutrients before these nutrients can be absorbed 
and made available to the hosts. 


While it is generally thought that parasites derive most of their nutrients 
from the food being digested in the intestine, observations (27) suggest that 
only certain food components are so obtained whereas most nutrients are derived 
from the host’s tissues and fluids. Parasites present in the small intestine are 
more apt to deprive the host of food nutrients, while those present in the colon 
are less likely to steal the host’s food since little nutrient absorption is effected 
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of weight, cachexia, anemia and poor development of the young. That these 
effects relate to both nutritional status and general health is suggested by the 
fact that marked weight gains, correction of anemia, and improvements in well 
being and performance are seen rather promptly after the elimination or sub. 
stantial reduction of the parasite load. Anemia is widely associated with patra- 
sitic infestation and may be due to several factors. Hookworm for example pro- 
duces a microcytic hypochromic anemia of iron deficiency; the fish tape worm, 
Diphyllobothrium lactum, causes a macrocytic, megaloblastic anemia due to the 
fact that this parasite utilizes the dietary vitamin B,, before it can be made 
available to the host; the plasmodia of malaria produce anemia through their 
destructive effect on the red blood cells. 

In addition to iron, hookworm deprives the body of protein and other min- 
erals, and removal of the parasite is as essential as nutritional therapy to restore 
the individual to health. On the other hand the anemia produced by ancylosto- 
miasis is primarily an iron deficiency caused by the parasite and can be corrected 
by the administration of iron alone. 

Parasites influence the nutrition of the host by reducing the appetite and 
hence the overall food intake. This contributes in a major way to the weight 
loss and wasting so commonly seen. In addition, disturbances of digestion and 
absorption such as intestinal irritation and diarrhea are produced by parasitism 
and severely influence the nutritional condition of the host. 

One might anticipate that as the diet of the host improved there would be 
more food available to go around — for host and parasite, and both would 
flourish contentedly side by side. Actually the opposite holds true. Poorly nour- 
ished hosts are more easily and more often parasitised than the well nourished. 
As stated before, this compounds the problem in the malnourished, heavily pop- 
ulated, parasite ridden multitudes of the earth. How is it that a deficient host, 
made so by eating a deficient diet is a more inviting and easily invaded subject 
than a well nourished neighbor? This would imply that the body of the host 
is the major source of nutrition for the parasite and that we are indeed con- 
sumed in this wormy world. One can well imagine on the other hand that the 
well nourished host is capable of developing a form of immunity to ward off 
the invading hordes. 

Studies have shown that dietary factors can influence the establishment of 
tapeworms in rats (28). Both the type and amount of carbohydrate in the diet 
was influential in producing worm growth. When starch was used in increasing 
amounts, the greatest worm growth occurred. In this connection, it may be well 
to point out that in general the world over, the diet increases in starch-rich foods 
as the economic status decreases and as malnutrition increases. Hunter has re- 
viewed the literature relating deficiency of diet to parasite growth (29) and 
concludes that deficiencies of total calories, protein and vitamin A are of prime 
importance in favoring parasite development. Also important are thiamine, ribo- 
flavin, iron, cobalt and copper. Para-amino benzoic acid may also be important 


The most common alterations in health produced by the parasites are loss = 
» 20 
7 as 








: EA IR eo eae te ee 
EP Ree Le ee ee “ ¥ “id: . 


— - 
aero ee Bit X iS Ss Pal nee was id x . A aN Pi 
eet i a ANE eae Nee As BEAT Ta Sinte Spe eha, 


3 
: bh, 
t 
’ : 
i. om 
o\ 



















































reir 


1in- 
ore 


ted 


nd 
rht 


Mm 


BOS Ae i ESS oR 


ORNL AR AR TOD 2S RO CRE SMSO AiR tii Ia SIS I RS ic nila aaa 


nd | 4 





for parasite metabolism. Sulfonamides which competitively inhibit p-amino ben- 
zoic acid may explain in part the mild antimalarial activity of these drugs. It is 
assumed that p-amino acid is an essential nutrient for this parasite. 

Of considerable interest is the observation that rats fed diets of human or 
cows milk exhibit a suppression of a blood transmitted form of plasmodium 
malaria (30). Hawking (31) made the suggestion that this may be due to the 
fact that a pure milk diet may be deficient in p-amino benzoic acid and demon- 
strated that when p-amino benzoic acid is added to the milk diet the suppressing 
effect against the malaria parasite is nullified. Hawking further noted (32) 
the protection of the milk diet could be overcome by the addition of folic acid 
in quantities which would supply an equivalent amount of p-amino benzoic acid. 

Immunity accompanied by an elevation of antibodies is well known to be 
associated with bacterial and viral infections. A similar antigen-antibody im- 
munity relationship with parasitic infestation has not been demonstrated; but 
certainly some kind of immunity exists associated with good nutrition of the 
host. The importance of proteins in antibody synthesis and their possible role 
against parasite infections is suggested by the early nutritional survey of Orr 
and Gilkes (33) when it was noted that the Masai who used blood and milk 
in their diet had much less parasite infection than the Kikuyu group who 
depended mostly on a vegetarian diet. It is also commonly noted in parasite 
infected individuals that they have an elevated globulin and reduced albumin 
level in the blood. This is only suggestive of increased antibody synthesis, but 
may just as well reflect the malnourished state in which liver function is 
abnormal and albumin synthesis correspondingly impaired. 


ANTIBIOTICS AND THE INTESTINAL FLORA 


Antibiotics have the well known action of killing pathogenic bacteria while 
at the same time sparing the host. Rather unexpected was the observation that 
small amounts of antibiotics added to the animals’ diet improved nutrition so 
that more rapid growth and development was achieved with a simultaneous 
increased efficiency of food utilization. Jukes and co-workers (34) were the 
first to show such a relationship when they noted that the addition of a crude 
preparation of Streptomyces aureofacieus culture exerted a marked growth- 
promoting effect in chicks. Similar results have been reported for many other 
animal species (35). 

Antibiotics are organic substances characterized by their ability of inhibiting, 
at low concentrations, the growth, activity, or multiplication of other microorgan- 
isms. The antibiotics that have been used to promote animal growth are largely: 
penicillin, streptomycin, chlortetracycline, oxytetracycline and bacitracin. Of 
these substances, streptomycin and bacitracin are poorly absorbed and do not 
enter the blood stream to any appreciable extent when given by mouth. The 
importance of the use of antibiotics in animal nutrition and animal husbandry 
is indicated by the fact that about 500,000 pounds of these drugs are incorpo- 
rated into feeds each year. 




































has not been completely settled. Since their most obvious action is on microor- 


ganisms, it has been assumed that they act by altering in some manner the bac. | 


terial flora of the intestine. 
Several arguments have been put forth to support this idea (35). A number 


of different antibiotics with dissimilar chemical properties, and different |~ 
mechanisms of antimicrobial action exert a common end result, i.e., to stimulate | 


growth presumably through their common effect on bacterial growth. Then, too, 
the growth influence of antibiotics may disappear completely when bacteria are 
kept away from animals. Coates and co-workers (36) found that chickens 
raised in a new, clean laboratory grew as well without added antibiotic as with 
it, while chicks reared in old and presumably contaminated laboratory quarters 


achieved a marked growth stimulus when penicillin was added to the diet. This | | 


suggested that the improved growth in the old laboratory quarters with added 
penicillin resulted from the suppression of an ‘‘inapparent transmissible infec- 
tious condition in the gut” that prevented the chicks from growing optimally. 
Under the usual conditions in which chicks are grown, antibiotics may act by 
removing a gtowth-depressing intestinal infection. Chick embryos grow very 
rapidly in the absence of an intestinal flora and the injection of sterile solution 
of antibiotics fails to stimulate the growth of the embryo beyond that seen under 
normal conditions (37). The germ-free colony at Notre Dame University under 
the direction of Dr. J. A. Reyniers has been ideally suited for the study of the 
growth promoting effects of animals that are free of bacteria (38). Studies on 
animals raised in this germ-free environment show that antibiotics do not 
stimulate growth when added to the diet. Overcoming numerous technical 
difficulties, the painstaking work of Reyniers and his associates has established 
the important fact that rats and chicks can grow and thrive on specially selected 
diets in the total absence of organisms in the intestinal tract (39). 


Not only do antibiotics added to the diet stimulate growth but they permit 
the development in the intestine of microorganisms that are tolerant to the 
presence of antibiotics. It has been postulated that these microorganisms which 
are insensitive to the antibacterial effects of the antibiotics synthesize vitamins or 
growth factors that are not present in adequate amounts in the diet and therefore 
provide added nutritional support (40). This concept might serve in part to 
explain the so-called vitamin-sparing effect of antibiotics. By and large the 
greatest growth stimulating effect of antibiotics is seen when they are supple- 
mented to diets low in animal protein and rich in ‘vegetable’ components. 
Under such circumstances a protein-sparing action with improvement in nitrogen 
retention has been noted, although this effect has been variable as reported from 
different laboratories. 

An important use of antibiotics in altering the intestinal flora is evident in 
human nutrition under certain circumstances of severe liver damage. 


In patients with severe cirrhosis of the liver complicated by hepatic coma the 
use of dietary protein in any significant amount produces very adverse results 
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4 with worsening of the clinical condition, associated with, but not necessarily 
) caused by, rapidly increasing levels of blood ammonia. This increased blood 
') ammonia is largely due to the urea splitting bacteria in the colon and the 
' establishment of a flora rich in such organisms takes place with alarming 
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rapidity with an increase in dietary protein. Therapy in such circumstances de- 
pends on the use of non-absorbable antibiotics such as neomycin which helps to 
eliminate the urea splitting organisms from the intestinal tract (41). 

The wide, and often indiscriminate, use of antibiotics in the treatment of 
infections, or supposed infections may lead to disaster from an unexpected 
quarter. Not only do the antibiotics do their appropriate job on the pathogenic 


staphlococcal enteritis may develop with rapidly fatal results. This is only one 


factor that speaks for caution in the use of these very valuable but much abused 


therapeutic agents. 


SUMMARY 


There is little question that a normal intestinal flora is important to good 
health. This flora may become disturbed by poor diet and in areas where parasites 
are prevalent these pathogens infest man to combine both disease from malnutti- 
tion and parasitism. It is necessary to correct both problems since parasites more 
easily invade the malnourished than the well nourished. 

The microflora contributes importantly to our nutritional economy by the 
synthesis of vitamins. Certain vitamins that we do not need to incorporate in 
our diet to meet our requirements, such as biotin, folic acid, and vitamin K can, 
under reasonable dietary circumstances, be made by the intestinal flora in 
adequate amounts. Other vitamins that we need in our diet are also made by 
intestinal bacteria but not in adequate amounts to meet the requirement. 

Through the use of antibiotics in the diet, great strides have been made in 
improving the nutrition of the nation’s livestock, thus allowing the farmer to 
market his product more rapidly and with substantial savings in time and money. 
The effect of the antibiotics is undoubtedly mediated through changes exerted 
on the intestinal flora. 

The intestinal flora of the rumen contributes perhaps the most to our nuttri- 
tional standard. This microflora permits the ruminant to utilize a vegetable diet 
that would for a large part be unavailable to man since it consists of cellulose. 
Further, the proteins of poor biological value in vegetable matter are used for 
the growth of the rumen flora which is subsequently digested and utilized as pro- 
tein of high biological value and converted ultimately into the meat and milk, 
so important to our well being. What greater sacrifice can a “bug’’ make? 
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